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INTRODUCTION 


This  report  summarizes  the  research  and  development  efforts 
of  Division  3  for  the  period  1  January  through  31  March  1963. 
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appear  in  the  Semiannual  Technical  Summary  Report  and  the 
Quarterly  Letter  Report  to  ARPA. 
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RADIO  PROPAGATION 
GROUP  33 


I.  SOLAR  RADAR  STUDIES 

The  detectability  of  solar  echoes  with  the  El  Campo  (Texas)  radar  system  is  lowest  during 
the  months  of  December  and  January  because  of  higher  cosmic  background  and  lower  antenna 
gain.  However,  a  few  discernible  echoes  were  obtained  during  this  period.  Solar  experiments 
were  suspended  during  February  1963  in  order  to  make  radar  observations  of  Mars.  In  March 
a  total  of  fifteen  solar  experiments  were  made,  but  echoes  were  obtained  on  only  four  occasions. 
The  negative  results  obtained  during  the  other  eleven  experiments  may  have  resulted  from  using 
a  different  experimental  technique.  This  possibility  is  being  investigated. 

Doppler  analyses  of  signals  recorded  on  magnetic  tape  during  solar  radar  experiments  made 
last  summer  are  continuing.  The  results  show  that  the  Doppler  spectrum  is  20  kcps  or  greater 
in  breadth,  and  that  the  peak  of  the  spectrum  occurs  at  about  4  kcps. 

n.  MARS  RADAR  EXPERIMENTS 

During  late  January  and  February  1963,  a  series  of  about  56  individual  radar  observations 
were  made  of  the  planet  Mars.  No  single  experiment  showed  a  discernible  echo;  however,  when 
the  outputs  of  all  the  experiments  were  combined  a  marginal  result  was  obtained.  The  magnetic 
tape  recordings  made  during  the  experiments  are  being  carefully  analyzed. 

in.  EL  CAMPO  ANTENNA 

The  El  Campo  array  of  1016  dipoles  was  completed  two  years  ago.  This  antenna  produced 
a  beam  13’  east-west  and  about  1*  north-south.  It  was  used  for  the  last  time  on  1  April  1963  for 
a  series  of  radar  observations  of  the  moon.  Disassembly  of  the  array  was  begun  on  2  April  so 
that  the  parts  could  be  used  to  construct  a  similar  array  with  a  dipole  spacing  twice  as  great. 
Construction  of  the  new  array  was  begun  on  25  March  and  the  expected  completion  date  is  1  June 
1963.  It  is  hoped  that  this  new  array  will  increase  the  system  sensitivity  for  solar  experiments 
by  about  3db,  and  for  Venus  experiments  by  about  5db.  Some  of  the  difficulties  with  corrosion, 
line  expansion  and  grass  will  be  eliminated  in  the  new  antenna. 

IV.  SOLAR  RADAR  DATA  PROCESSING  EQUIPMENT 

Work  continued  on  the  second  generation  solar  radar  data  processing  system.  A  new  digital 
unit  which  controls  transmitting,  receiving  and  data  processing  operations  was  designed  and  con¬ 
structed.  This  control  unit  includes  a  number  of  new  features  that  should  make  operation  of  the 
radar  system  more  flexible  and  reliable.  Moreover,  replacement  units  for  the  analog  integrator 
circuits  were  designed  that  should  provide  an  expanded  and  more  reliable  output  data  processing 
system.  A  digital  voltmeter  and  scanner  readout  system  that  will  mechanize  the  acquisition  of  data 


t 


GROUP  33 


from  the  analog  outputs  of  the  radar  was  purchased  and  assembled.  With  the  installation  of  these 
components  at  El  Campo,  the  original  receiver-exciter  and  data  processing  equipment  will  be  re¬ 
placed  with  a  system  specifically  tailored  to  the  solar  radar  experiment. 

V.  LAUNCH  PHASE  STUDIES 

The  final  report  on  the  launch  phase  studies  is  completed  and  will  Boon  be  published.  The 
nature  of  the  field  measurements  and  their  results  is  classified. 
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COMMUNICATION  TECHNIQUES 
GROUP  34 


l.  RADAR  ASTRONOMY 

A.  L-Band  Venus  Radar  Experiment 

The  signal  processing  equipment  described  in  previous  quarterly  progress  reports  has  been 
modified  to  extend  the  range  of  sampling  frequency  and  allowable  interpulse  periods.  This  modi¬ 
fication  increases  the  efficiency  of  the  detection  program  during  analysis  of  low-bandwidth  sig¬ 
nals  (e  g,,  ionospheric  echoes  and  Venus  echoes  with  millisecond  pulses). 

An  attempt  to  detect  Venus  with  this  equipment  was  made  on  15  February  1963;  analysis  of 
the  data  is  awaiting  final  "debugging"  of  the  computer  program. 

B.  Haystack  Data  Processing 

A  series  of  discussions  is  in  progress  with  members  of  Group  51  to  assess  the  capabilities 
of  the  FX-2  pre-processing  computer  for  real-time  processing  of  radar-astronomy  signals.  As 
a  typical  example,  a  hypothetical  range-Doppler  mapping  experiment  of  one  of  the  inner  planets 
is  being  considered. 

It  appears  that  the  FX-2  is  capable  of  performing  the  required  processing  in  real  time;  how¬ 
ever.  in  order  to  achieve  the  finest  precision  likely  to  be  required,  some  additional  external 
registers  are  needed. 

H.  ELF  NOISE  OBSERVATIONS 

In  the  months  since  the  FISH  BOWL  series  of  high-altitude  nuclear  shots,  ELF  data  taken 
at  the  time  of  several  of  the  larger  explosions  have  been  analyzed.  The  Star  Fish  shot  of  9  -lulv 
and  the  King  Kish  shot  of  1  November  produced  ELF  waveform  transients  at  the  lime  of  detona¬ 
tion  similar  to  those  obtained  hv  many  other  observers.  There  was.  however,  an  additional  and 
marked  effect  that  specifically  involves  the  earth-i  losphere  cavity.  Moments  after  -  detona¬ 
tion  time  of  Ixith  Star  Fish  and  King  Fish,  the  peak -power  frequency  of  the  first  mod  rell  sharply 
from  around  H  O  to  about  7.5cps;  it  took  from  3  to  4  hours  to  recover  its  normal  valu  Similar 
shifts  also  occurred  in  the  frequencies  of  the  higher  modes  It  is  not  readily  apparent  why  a 
change  in  such  a  small  fraction  of  the  cavity  wall  area  should  produce  such  a  large  shift  in  over¬ 
all  characteristics.  We  note,  however,  that  the  amount  of  abrupt  frequency  shift  produced  bv 
the  detonations  was  no  greater  than  the  much  slower  diurnal  fluctuations  in  peak  frequency 
regularly  observed 

m.  COMMUNICATION  AND  DETECTION  THEORY 

A.  Decision-Directed  Channel  Measurement 

The  study  of  decision -directed  channel  measurement  has  been  completed  Several  detection 
systems  have  been  simulated  and  in  all  cases  decision-directed  channel  measurement  has  yielded 
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smaller  error  rates  than  the  non-decision-directed  channel  measurement.  The  complete  results 
will  be  presented  in  a  forthcoming  G -Report. 

B.  Anti-Jam  Modulation 

A  recent  study  presents  a  simple  comparison  of  the  anti-jam  performance  of  a  certain 
frequency-hopping  (FH)  scheme  with  that  of  NOMAC  (noise  modulation  and  correlation)  for  the 
purpose  of  assessing  their  relative  merits  as  modulation  schemes  for  a  high-altitude  active- 
satellite  communication  system.  The  computations  involved  in  the  comparison  are  reasonably 
simple  because  of  the  assumption  of  negligible  thermal  noise. 

Further  work  along  these  lines  has  continued  in  an  attempt  to  make  a  more  realistic  com¬ 
parison  of  frequency-hopping  and  NOMAC  systems  -  a  comparison  that  will  include  the  effects 
of  thermal  noise  and  flexible  jammer  strategies.  No  coding  has  been  included  in  the  analysis 
thus  far.  The  expressions  for  probability  of  error  in  binary  FH  and  NOMAC  systems  were  de¬ 
rived  for  several  jammer  strategies,  and  these  expressions  have  been  programmed  for  the 
IBM  7090.  Each  jammer  strategy  has  been  optimalized  for  various  system  parameters,  such  as 
TW.  E/Nq,  J/S.  This  study  will  be  extended  to  nonbinary  systems. 

IV.  DATA  PROCESSING  TECHNIQUES 

An  investigation  of  three  methods  of  designing  linear  computer  programs  that  perform  fil¬ 
tering  operations  on  equally  spaced  data  samples  is  being  made.  The  results  have  applications 
to  the  spectral  analysis  of  data,  and  one  method  in  particular  provides  a  very  direct  and  eco¬ 
nomical  way  (in  terms  of  the  number  of  computer  operations)  of  designing  a  digital  filter  with  a 
transfer  function  approximating  that  of  the  desired  analog  filter. 

V.  BOMB-QUAKE  DISCRIMINATION 

During  this  quarterly  period,  the  small  intergroup  effort  on  the  seismic  discrimination 
problem  has  proceeded  in  several  directions.  A  number  of  Vela  Uniform  recordings  of  seismic 
events  and  microseismic  noise  received  by  arrayed  seismometers  were  borrowed  from  the  Air 
Force  Technical  Applications  Center.  After  a  lengthy  period  of  checkout  and  debugging,  proc¬ 
essing  of  these  data  on  the  TX-2  computer  is  now  proceeding.  This  processing  is  aimed  toward 
establishing  various  discrimination  criteria  and  toward  defining  a  valid  mathematical  model  of 
noise  in  arrays. 

On  the  basis  of  recent  work  at  Texas  Instruments,  Inc.  and  the  University  of  California,  it 
appears  possible  to  set  up  a  tentative  model  of  the  noise  (to  be  verified  as  work  proceeds)  which 
allows  definition  of  the  statistical  problem  of  optimally  estimating  the  direction  of  arrival  of  a 
plane-wave  signal  incident  on  an  array  on  which  noise  is  also  incident.  The  use  of  arrays  for 
signal-to-noise  maximization  has  been  considered  before,  but  the  use  of  arrays  for  angle-of- 
arrival  discrimination  is  not  well  understood.  An  attempt  is  being  made  to  set  this  up  as  an 
analytical  problem. 
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I.  LAUNCH  PHASE  SIMULATION 

A.  Gaseous -Discharge  Experiments 

Studies  on  the  ionization  breakdown  of  air  and  the  subsequent  neutralization  of  the  plasma 
inside  the  cavity  have  been  conducted  as  a  preliminary  to  the  complete  exploding -sphere  experi¬ 
ment.  The  electron  density  produced  by  the  singly  pulsed  microwave  discharge,  its  neutraliza¬ 
tion  by  the  processes  of  recombination  and  attachment  as  a  function  of  time,  and  the  collision 
frequency  for  momentum  transfer  are  being  calculated  for  pressures  from  0.06  to  5torr  of  air 
inside  the  cavity.  Cross  experimental  results  indicate  initial  electron  densities  of  the  order  of 

g 

10  electrons/cc  and  collision  frequencies  for  air  that  are  compatible  with  established  values. 
Plans  are  being  made  to  process  the  large  amount  of  accumulated  data  on  a  digital  computer. 
Langmuir  probes  have  also  been  used  in  some  of  these  studies.  The  effect  of  the  transient 
plasma  and  the  interaction  between  probes  when  several  are  used  has  created  some  difficulty  of 
interpretation.  A  Langmuir  probe  with  a  guard  ring  attachment  will  henceforth  be  used  in  order 
to  achieve  a  more  uniform  sheath  across  the  face  of  the  probe.  At  the  same  time,  a  IX'  dis¬ 
charge  experiment  has  been  set  up  for  studying  the  steady-state  behavior  of  the  Langmuir  probes 
and  the  characteristics  of  the  associated  circuitry. 

B.  Pressure  Measurements  in  the  Continuum  and  Transition  Flow  Regimes 

The  pressure  probe  calibration  experiments  in  the  Harvard  College  Observatory  shock  tube 
Uj  inches  in  diameter)  have  been  completed.  Measurements  were  made  in  helium  and  argon. 

The  pressures  to  which  the  sensors  were  exposed  ranged  from  0,4  to  200torr,  and  the  free- 
stream  Reynolds  number,  based  on  prolie  diameter,  ranged  between  56  and  10^. 

In  the  region  of  continuum  flow  (Reynolds  number  greater  than  250),  the  experimental  re¬ 
sults  are  consistent  with  those  obtained  with  the  Avco-Kvorctt  Research  Laboratory  low-densitv 
shock  tube.*  In  the  transition  flow  regime  (Reynolds  number  less  than  260),  the  pressure  meas¬ 
ured  by  the  prolie  is,  as  may  be  expected,  higher  than  that  predicted  by  the  Rayleigh-Pilot  for¬ 
mula  when  the  prolie  sensitivity  determined  in  the  continuum  regime  is  used  A  set  of  correc¬ 
tions  down  to  a  Reynolds  number  of  36  has  been  experimentally  derived  The  pressure  in  the 
transition  flow  regime  can  now  be  calculated  with  reference  to  the  pressure  in  the  continuum 
flow  regime. 

Preliminary  experiments  with  spherical  shock  waves  indicate  that  these  pressure  correc¬ 
tions  are  valid.  More  spherical  shock  wave  experiments  will  be  carried  out  to  ascertain  whether 
the  pressure  correction  can  be  extrapolated  to  lower  Reynolds  numbers. 


*  Division  3  Qaarlerly  Pmprens  Report  HT I.  Lincoln  Laboratory.  M.l.T.  (15  Janaary  19631,  35314  296192. 
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I.  PROJECT  WEST  FORD 

A.  Camp  Parks  Site 

A  beam  modulator  has  been  added  to  the  klystron  transmitter  for  radar  service  permitting 
higher  peak-pulse  powers  at  reduced  duty  cycles;  87jkw  at  8350  Mcps  was  achieved  for  an 
800-msec  pulse  at  a  20-cps  repetition  rate,  a  duty  cycle  of  1.6  percent.  A  helium-gas  tube 
that  is  an  externally  pulsed  attenuator  is  serving  as  the  TR  device  to  protect  the  receiver  during 
transmission.  The  radar  is  once  again  operative. 

B.  Millstone  Hill  Site 

The  25-kw  transmitter  at  7750 Mcps  is  now  operating  either  CW  or  DC  pulsed  with  a  beam 
modulator.  A  pulsed -attenuator  TR  device  has  been  added  and  the  system  now  can  operate  as 
a  radar.  Either  of  two  receiving  systems,  each  with  a  maser,  can  be  used;  one  at  8350  Mcps 
for  receiving  signals  from  Camp  Parks,  and  one  at  7700  Mcps  for  radar  purposes. 

C.  Dipole  Package 

A  redesigned  West  Ford  package  has  been  produced,  tested  and  delivered  to  Vandenberg 
Air  Force  Base  for  launching.  This  package  differs  in  several  respects  from  the  first  West 
Ford  packages.  The  dipole  material  consists  of  0.0007 -inch-diameter  copper  wire  rather  than 
0.001 -inch-diameter  copper  wire.  The  package  is  split  into  four  4-deck  units  and  one  2-deck 
unit  to  which  a  telemetry  package  is  attached  (the  original  package  consisted  of  a  single  unit  of 
twenty-one  decks).  The  method  of  ejection  differs  in  that,  although  the  subunits  are  ejected 
simultaneously,  they  separate  from  each  other  after  they  are  free  of  the  canister.  However, 
the  method  of  dispensing  the  dipoles  remains  essentially  the  same. 

The  dipole  decks  have  been  subjected  to  vibration  and  dispensing  tests.  The  complete 
canister  has  been  subjected  to  vibration  tests,  hot  and  cold  ejection  tests,  vacuum  leak  tests, 
and  centrifuge  tests.  All  components  functioned  properly  during  these  tests. 

D.  Telemetry 

Three  flight  and  two  backup  performance  telemetry  systems  were  constructed,  tested  and 
calibrated.  Several  minor  circuit  and  fabrication  changes  were  made  to  improve  system  per¬ 
formance.  One  of  the  flight  telemetry  systems  was  assembled  into  a  complete  West  Ford  pay- 
load  and  made  available  for  a  possible  launch  this  spring. 

n.  MOON  EXPERIMENTS 

A.  Camp  Parks  -  England  Teletype  Test 

On  5  April  1963,  a  cooperative  experiment  was  undertaken  with  the  Royal  Aircraft  Estab¬ 
lishment  at  Farnborough,  England.  Teletype  messages  were  transmitted  from  the  West  Ford 
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site  in  California  to  England  via  the  moon.  The  receiving  system  at  Farnhorough  included  a 
17-foot  antenna  and  a  crystal-mixer  front  end  with  an  8-db  noise  figure. 

At  the  transmitter,  two  noise  bands  200  kcps  apart  and  each  60  kcps  wide  were  keyed  in  a 
simple  FSK  manner  at  a  60-word-per-minute  rate.  The  receiver  demodulator  consisted  of  two 
channels  200  kcps  apart,  each  60  kcps  wide,  acting  as  matched  radiometers  whose  outputs  fed  a 
difference  amplifier  that  determined  whether  "mark"  or  "space"  was  transmitted.  Multipath 
from  the  moon  produces  a  smear  of  about  500psec;  therefore,  tones  2  kcps  apart  will  fade  inde¬ 
pendently.  Using  a  60-krps-wide  noise  band  is  thus  equivalent  to  30**1  order  frequency  diversity. 

Essentially  error-free  teletype  copy  was  received  with  10  kw  transmitted  from  California. 

B.  Camp  Parks -Transportable  Station  Teletype  Test 

A  truck  has  been  outfitted  as  a  transportable  receiving  station  with  a  tripod-mounted  18-inch 
or  4-foot  antenna  and  equipped  with  a  teletype  demodulator  similar  to  the  one  described  above. 

A  S-kw  motor-generator  supplies  primary  power.  When  1  kw  was  transmitted  from  Camp  Parks, 
good  TTY  copy  was  received  %'ia  the  moon  using  the  4-foot  antenna  and  a  maser  front  end.  With 
a  crystal-mixer  front  end  (noise  figure  of  8  dh)  and  20  kw  transmitted,  good  copy  was  also  re¬ 
ceived  with  the  4-foot  antenna.  With  the  18-inch  antenna  and  the  maser,  copy  was  also  received 
when  20  kw  was  transmitted. 

m.  BEYOND- THE-HORIZON  EXPERIMENTS 

The  truck  described  above  has  also  been  used  to  measure  the  effect  of  terrain  shielding  and 
beyond-the-horizon  path  loss  at  short  distances.  Measurements  made  in  the  summer  of  1962 
are  reported  in  C.-Report  36(1-1.  Additional  tests  were  made  in  March  1963  when  snow  was  on 
the  ground  and  the  leaves  were  off  the  trees.  Preliminary  results  indicate  a  loss  in  excess  of 
free  space  to  he  about  91  db  at  one  mile  (about  10  db  less  than  in  the  summer)  and  !30db  at  eleven 
miles  (about  ISdb  more  than  in  the  summer). 

IV.  ADVANCED  AND  THEORETICAL  STUDIES 
A.  Delay-Line  Filters 

A  common  practical  problem  in  signal  processing  is  the  need  to  have  a  specified  frequency 
response  over  a  fixed  frequency  range  without  regard  for  what  that  response  becomes  outside  the 
range  of  interest.  In  addition,  one  may  wish  a  transient  response  of  finite  duration  in  order  to 
use  a  tapped  delay  line  as  a  filter.  These  problems  can  be  solved  in  principle  by  expanding  the 
desired  response  in  terms  of  prolate  spheroidal  wave  functions;  but  for  most  of  the  interesting 
cases  (signal  TW  product  large)  so  little  is  known  about  these  functions  as  to  limit  their  use  to 
existence  proofs.  Therefore,  a  rapidly  converging  computer  program  which  finds  practical 
solutions  by  a  relaxation  methisl  has  been  developed.  The  results  of  this  program  have  been 
used  to  improve  the  performance  of  the  delay-line  chirp  filters  described  in  the  last  quarterly 
progress  report  ^ 


*  1.  t  .  ttsTiw,  cl  si..  "Itr  U(UrHt  r  ,<f  Trttain  Surldinp  "•  Haiti*.  t,nr  IY.ifsipstt.i4l  nt  8000  31.  pn."  tfif .■  1  II  1.1  tin  "In 

I  -tk^tHnn .  M  I  T.  (31  V.irwlwf  I <*>21.  ism  290. 7 1 1. 11-172. 

<  [)i 1 1 » 1 1 m  :l  (Jn.trlrdi  1’n.prM  Hcp.nl  11  1.  I  .ini  old  I  .tthnrtil«m  .  II.I.T.  (13  Jmian  l<*»:tt.  f>.  7.  IST1 1  TOO  192. 
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B.  Linear- Phase  Filter 

It  has  been  found  practical  to  build  linear-phase  bandpass  filters  from  crystals.  The  series 
resonances  of  the  crystals  are  used  in  the  design  as  simple  L-C  resonances;  the  shunt  capacity 
is  used  in  resonating  the  input  and  output  transformers.  An  experimental  filter  with  23  poles  in 
the  band  100  to  104.6kcps  had  ±0.15-db  maximum  (random)  amplitude  variation  in  the  pass  band, 
and  phase  errors  less  than  the  ±10'  errors  of  the  phasemeter. 

V.  ACTIVE  SATELLITE  SYSTEM 

A.  Repeater  System 

The  microwave  repeater  system  required  in  the  proposed  active  satellite  has  been  investi¬ 
gated  from  two  points  of  view: 

(1)  System  considerations,  with  the  objective  of  improving  and  simplifying 
the  It F  system. 

(2)  Device  evaluation. 

Three  specific  changes  have  been  proposed  which  offer  the  possibility  o.  system  improvement: 

(1)  An  UK  antenna  sensing  and  switching  svstem  utilizing  the  "KM  capture 
effect.” 

(2)  Simplification  of  the  high-power  transistorized  source  by  generation 
of  significant  power  at  500  Mcps. 

(3)  The  possibility  of  combining  a  varactor  frequency  multiplier  and  an  upper- 
sideband  frequency  converter  into  one  device. 

B.  Components 

Component  evaluation  has  continued,  especially  evaluation  of  high-power  and  high-frequency- 
transistors  and  varactors.  The  transistor  experiments  have  shown  that  at  100  Mcps  it  is  possible 
to  generate  significantly  more  than  100  watts  (on  a  pulse  basis)  by  the  simple  expedient  of  paral¬ 
leling  several  10-watt  devices  and  over-driving  the  circuit. 

Power  at  200  Mcps  has  been  obtained  by  frequency-doubling  from  a  100-Meps  source.  Using 
high-capacitance,  high-voltage  devices,  SO  watts  of  RF  power  has  been  observed  at  200  Mcps  on 
a  pulsed  basis. 

Experimental  transistors  capable  of  operating  at  higher  frequencies  (200  Mcps  to  1  kMcps) 
are  now  becoming  available  and  will  be  evaluated  more  fully  during  the  next  report  period.  Initial 
circuits  have  resulted  in  a  500-Mcps,  2-w-att  power  amplifier  with  a  collector  of  50  percent. 

A  varactor  frequency  multiplier  chain,  complete  with  a  70-Mcps  transistorized  driver,  has 
been  constructed.  Two  hundred  milliwatts  of  output  power  has  been  obtained  at  7.2  kMcps  for  a 
total  DC  power  drain  of  12  watts.  Final  doubler  efficiency  was  50  percent.  During  the  next  re¬ 
port  period,  the  packaging  of  this  chain  will  be  completed. 

C.  Repeater  Location 

Several  differential-velocity  schemes  for  the  placement  of  uncontrolled,  nonrandom  satellites 
have  been  worked  out  for  specific  (generally  long  and  difficult)  communication  links.  It  has  been 
found  that  zero-outage  performance  can  be  achieved  with  fewer  than  half  as  many  satellites  in 
orbit  as  would  be  required  for  t  percent  outage  performance  with  randomly  disposed  satellites. 
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VI.  TRANSISTOR  CIRCUITS 

A.  Low-Noise  Pulse  Preamplifier 

Large  junction-area  InSb  diodes  are  being  used  as  infrared  detectors  to  measure  radiation 
from  semiconductor  junctions.  These  diodes  are  operated  in  the  photovoltaic  mode;  an  approxi¬ 
mate  small-signal  equivalent  circuit  consists  of  the  parallel  combination  of  a  current  source  I 
(proportional  to  the  input  radiation),  a  resistor  R  (it  «KT/qI),  and  the  junction  transition  capac¬ 
ity.  Since  the  InSb  diode  has  a  large  junction  area,  the  value  of  the  transition  capacity  is  also 
large  —  about  2000  picofarads.  The  infrared  radiation  occurs  as  pulses  with  a  minimum  pulse- 
width  of  100  nanoseconds.  Resistive  loading  of  the  InSb  diode  to  obtain  adequate  response  speed 
and  the  use  of  conventional  amplifiers  result  in  inadequate  signal  detectability  at  low  signal  levels. 

A  low-noise  transistor  preamplifier  has  been  constructed  for  improved  low  signal-level 
operation.  This  amplifier  uses  two  2N918  transistors  in  a  cascade  circuit  followed  by  a  2N918 
emitter-follower,  resulting  in  a  voltage  gain  of  30  db.  Coupling  of  the  InSb  diode  to  the  input 
transistor  is  accomplished  with  a  1  ;8  ratio  pulse  transformer. 

The  transient  response  of  the  preamplifier  to  a  current  step  function  input  to  the  transformer 
(with  a  2000-pf  capacitor  in  parallel  with  the  transformer  input)  consists  of  a  20-nsec  delay  fol¬ 
lowed  by  a  40 -nsec  rise  time  and  an  exponential  decay  with  a  3-gsec  time  constant.  The  pream¬ 
plifier  noise  referred  to  the  InSb  diode  current  generator  is  approximately  0.25  pa  peak-to-peak. 
Incorporation  of  the  preamplifier  into  the  infrared  measurement  system  has  resulted  in  a  sub¬ 
stantial  reduction  in  the  system  noise. 

B.  Low- Power  Transistor  Circuits 

Measurement  of  the  parameters  of  the  2N2524  transistor  at  collector-current  levels  from 
10"12  to  10"S  amp  has  been  completed;  measurements  on  the  2N2605  transistor  (the  p-n-p  com¬ 
plement  to  the  2N2524)  are  in  process  and  should  be  completed  during  the  next  quarterly  period. 
These  transistors  permit  the  design  of  low-frequency  and  DC  solid  state  operational  amplifiers 
with  extremely  high-input  dynamic  resistances  (up  to  3  x  to"  ohms)  and  low-input  leakage  cur¬ 
rents  (less  than  10*  amp  at  room  temperature). 

Since  circuits  in  a  space-vehicle  environment  may  encounter  considerable  temperature 
variation,  a  number  of  DC  operational  amplifier  designs  using  these  transistors  have  been  in¬ 
vestigated  using  a  temperature  environment  requirement  of  -40’  to  tOO'C.  The  configuration 
having  the  most  stable  operation  with  varying  temperature  is  that  of  cascaded  difference  ampli¬ 
fiers.  Such  a  configuration,  properly  designed,  also  allows  maximum  flexibility  for  stabilizing- 
feedhaek  loops  and  operational-feedback  loops.  Two  such  amplifiers  have  been  constructed  but 
not  yet  tested. 

In  order  to  demonstrate  the  low  power  potentialities  of  such  circuits,  a  standard  multivibra¬ 
tor  circuit  has  been  built  and  tested,  the  transistors  being  operated  at  currents  of  less  than  a 
nanoampere.  Cycle  time,  depending  on  the  values  of  the  cross-coupling  capacitors,  ranges 
from  40 see  to  IHhr  The  power  required  by  the  multivibrator  is  7  5  x  10  watt 

C.  Field- Effect  Transistors 

Under  open-circuit  input  conditions,  the  equivalent  input  noise  current  of  a  field-effect  tran¬ 
sistor  arises  from  two  effects.  (1)  thermally  generated  noise  in  the  channel  and  (2)  shot  noise 
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in  till'  gate-leakage  current.  for  most  commercially  available  units,  the  shot  noise  seems  to 
predominate.  Various  units  arc  being  measured  to  determine  minimum  gate-leakage  operating 
points,  and  an  effort  is  being  made  todesign  test  circuits  to  measure  the  noise  under  open-circuit 
input  conditions.  The  lowest  input  noise  current  reported  thus  far  is  about  10’^  amp/cps*^ 

D.  Diamond  Circuits 

A  voltage-level  discriminator  circuit  has  been  built  using  modifications  of  the  diamond 
circuit.  At  room  temperature,  the  circuit  has  a  threshold  of  1  mv  with  no  hysteresis  and  will 
operate  from  lit'  to  500kcps.  By  using  high-frequency  germanium  transistors,  it  should  be 
possible  to  extend  the  frequency  of  operation  to  several  megacycles. 
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I.  MILLSTONE  UPGRADING 

Tht-  period  ending  31  March  1963  found  the  tracking  phase  of  the  I  -band  conversion  of  the 
Millstone  radar  within  several  weeks  of  completion.  The  items  delaying  conversion  at  this  time 
appear  to  be  the  12-horn  monopulse  feed  (Group  31 5)  and  the  new  ultrastable  parametric  receivers 
(Group  -16).  Both  should  be  available  for  installation  within  the  next  several  weeks. 

The  oil  lubrication  system  for  the  84-foot  parabolic  antenna  mount  has  been  completed  and 
tested,  final  installation  of  all  items  in  the  equipment  shelter  completed,  and  the  new  175-channel 
slip-ring  assembly  installed,  Servo  characteristics  have  been  measured  and  the  control  loop 
tightened  by  about  an  order  of  magnitude  (as  compared  to  the  previous  performance  at  I  KK). 

The  preparation  of  a  manual  describing  in  detail  the  construction  and  operation  of  every 
major  piece  of  station  equipment  is  well  under  way.  Chapters  describing  the  Sequential  Doppler 
Processor,  Doppler  Analyzer  Display,  Station  Crystal  Clock,  and  Krequency-Synthesizer/Exciter 
are  finished,  with  several  others  almost  completed. 

The  early  version  of  the  X-780  I, -band  klystron  developed  by  Kitel-McCullough,  Inc.  proved 
to  have  a  very  short  operating  lifetime.  Of  the  five  tubes  put  into  operation  at  Millstone  since 
7  September  1962,  four  have  failed  after  less  than  100  hours  of  operation.  Recently,  an  improved 
version  has  been  produced  in  which,  it  is  claimed,  the  previous  shortcomings  (vacuum  seal  leaks, 
arcing  in  the  electron  gun.  and  spurious  modes  in  the  output  cavity)  have  been  overcome.  One  of 
the  new  tubes  is  now  being  operated  in  the  transmitter  at  Millstone,  and  it  is  hoped  that  it  will 
prove  as  successful  as  the  manufacturers  claim. 

Trouble  with  waveguide  breakdown  at  relatively  low  peak  power  (less  than  1  Mw)  in  the  wave¬ 
guide  run  between  the  azimuth-rotary  joint  and  the  feedhorn  has  been  cured  by  increasing  the 
tension  on  the  waveguide  flange  bolts.  Power  levels  in  excess  of  3Mw  may  now  be  used  without 
recourse  to  gases  of  high  dielectric  strength. 

Initial  medium -power  tests  on  the  transmitter  line  duplexer  indicate  a  leakage  power  about 
83  db  below  an  average  operating  power  level  or  60  kw.  A  temperature  rise  of  25*C  was  found  at 
this  level  in  the  input  hybrid,  however,  and  means  to  reduce  this  are  being  studied. 

The  normalizing  amplifiers  necessary  to  permit  proper  operation  of  the  monopulse  angular 
tracking  circuitry  have  been  completed  and  are  now  installed  in  the  receiver  room . 

II.  220- FOOT  ZENITH  ANTENNA  (Incoherent  Ionospheric  Backscatter) 

In  lanuary  1963,  routine  ionospheric  observations  were  started  using  the  new  220-foot  parab¬ 
ola.  These  observations  generally  take  the  form  of  a  continuous  sequence  of  measurements  ex¬ 
tending  over  a  period  of  24  hours  and  are  made  at  intervals  ol  about  10  days.  The  electron- 
density  profile  in  the  ionosphere  over  a  height  interval  of  180  to  (at  best)  lOOOkm  is  measured 
approximately  once  an  hour  using  computer  integration.  Concurrently,  the  analog  integrator  is 
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used  to  measure  the  spectra  of  the  signals  returned  from  different  heights  in  the  range  180  to 
600  km.  Despite  the  fact  that  the  equipment  is  operated  only  once  every  10  days,  it  has  not  been 
possible  to  reduce  the  data  as  quickly  as  it  has  been  acquired.  At  the  present  time  few  electron- 
density  profiles  have  been  reduced,  an  I  only  about  half  the  spectrum  measurements  fully  analyzed. 
Nevertheless,  the  measurements,  obtained  thus  far  are  very  rewarding.  The  variation  of  the  elec¬ 
tron  and  ion  temperatures  (separately),  both  as  a  function  of  height  up  to  600  km  and  time,  can  be 
obtained.  The  new  results  confirm  those  obtained  in  the  spring  of  1962  and  show  that,  for  most 
parts  of  the  day.  the  electron  temperature  is  greater  than  the  ion  temperature  by  as  much  as  a 
factor  of  three.  The  diurnal  variation  is  complex,  the  greatest  ratios  being  observed  in  the  fore¬ 
noon  between  H  and  10  a  m.  A  subsidiary  maximum  occurs  between  4  and  8  p.m.  During  most  of 
the  day,  the  ratio  between  the  temperatures  increases  with  height.  It  is  not  yet  clear  at  what 
height  thermal  equilibrium  bet  ween  the  electrons  anil  ions  is  re-established.  These  findings  are 
of  paramount  importance  in  the  interpretation  of  the  results  of  the  Canadian  (Alouette  satellite) 
topside  sounder.  Thus,  efforts  will  be  made  to  operate  the  equipment  at  times  when  this  satel¬ 
lite  passes  close  to  Millstone. 

III.  HAYSTACK  FACILITY 

During  the  present  reporting  period,  the  t  nivac  490  digital  computer  was  received.  Some 
small  difficulties  were  uncovered  and  tin'  unit  is  now  undergoing  acceptance  tests.  It  is  expected 
dial  checkout  of  antenna -pointing  routines  will  start  shortly. 

rite  limitation  at  Stanford  transmitter  power  supply  arrived  in  mid-March.  Hv  the  end  of 
March,  transformers,  rectifier  stack  shells,  capacitors  with  resistive  networks,  heat  exchangers 
and  the  DC  dummy  load  were  installed. 

The  antenna  bearings,  transition  and  yoke  arms  have  arrived  on-site  from  North  \mcrican 
\viadon.  \t  the  end  of  March,  the  bearing  assembly  was  nearing  completion.  The  numerous 
measurements  necessary  to  ensure  proper  hearing  leveling  ami  runout  clearance  have  delayed 
erection. 

Specifications  for  the  Haystack  radiometer  system,  which  will  be  used  in  calibrating  the 
antenna,  have  been  completely  drawn  up  and  mans  of  the  parts  ordered  It  appears  that  many 
mea-ureinenis  of  basic  interest  m  radio  astronomy  may  result  as  a  by-product  of  the  antenna 
in\  cst  teat  ion. 
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I.  EL  CAMPO  ANTENNA 

All  the  equipment  necessary  to  double  the  size  of  the  antenna  has  been  received  on  the  site, 
and  a  subcontractor  has  been  selected  to  install  this  equipment  under  the  supervision  of  Lincoln 
Laboratory  personnel.  The  installation  is  expected  to  continue  through  the  first  weeks  of  May 
196  3,  and  will  he  followed  by  an  intensive  adjustment  and  checkout  program  resulting  in  the  com¬ 
pletion  of  this  modification  by  the  end  of  the  next  quarter. 

II.  PROJECT  WEST  FORD 

The  feasibility  model  of  the  switched-beam  directive  antenna  system  has  been  completed, 
and  final  data  are  available.  Significant  improvements  are  being  made  in  the  antenna  and 
switching  components  used  in  this  feasibility  model.  Specifically,  the  right-  and  left-hand  cir¬ 
cular  polarization  diplcxing  unit  has  been  improved  by  replacing  miniature  coaxial  cables  with 
an  all-waveguide  circuit  that  utilizes  the  properties  of  orthogonal  dominant  modes  in  a  circular 
waveguide.  1'his  results  in  an  increase  in  the  antenna  gain  from  11  to  approximately  12.3db, 
maintaining  the  same  effective  coverage.  The  first  solid-state  switch  was  constructed  in  strip 
transmission  line  and  was  a  single-pole  4-throw  unit  instead  of  a  single-pole  32-throw  unit.  It  is 
planned  touse  ten  single-pole  4-throw  switches  undone  single-pole  double-throw  switch  to  make 
up  the  desired  single-pole  32-throw  switch.  Extrapolation  from  the  data  already  obtained  indicates 
that  the  single-pole  32-throw  switch  would  have  an  insertion  loss  of  approximately  4.5db  and  an 
isolation  of  about  20  dh.  A  single-|x>le  single-throw  solid-state  waveguide  sw  itch  having  an  in¬ 
sertion  loss  of  0.4db  and  an  isolation  of  approximately  22db  has  been  completed.  Extrapolating 
from  these  data  to  the  32-throw  unit  indicates  that  the  insertion  loss  will  be  approximately  3db, 
and  the  isolation  will  be  greater  than  20 db.  Several  other  one-quarter-height  and  half-height 
waveguide  components  arc  being  developed  for  use  in  the  remaining  interconnections  and 
circuit  rv. 

The  improved  West  Lord  tracking  feed  system  consisting  of  a  long  horn  with  a  diamond 
aperture,  a  circular-polarized  transducer,  and  a  dual-polarization  exciter  has  been  completed. 
Experimental  results  obtained  with  the  antenna  radiating  linearly  polarized  signals  indicate  ex¬ 
cellent  performance  in  both  the  communications  and  tracking  inodes.  The  sum  channel,  or  on- 
axis  beam,  has  extremely  low  sidclobcs  in  both  principal  planes  when  operating  at  either  7790 
or  8350  Meps.  The  sidelobes  in  the  45”  planes  are  approximately  15  dh  dow  n,  and  the  main  beam 
is  essentially  circular  in  shape;  that  is,  it  has  equal  principal-plane  half-power  beamwidths. 

The  error-channel  radiation  patterns  are  equal  to  or  better  than  those  that  can  be  obtained  with 
a  conventional  four-horn  monopulse  system.  The  maximum  gain  of  both  difference  patterns  is 
approximately  3  db  below  the  maximum  of  the  sum-channel  beam. 

The  circular-polarization  transducers  were  tested  separately  and  produced  a  circularly  po¬ 
larized  wave  whose  axial  ratio  varied  from  0,3db  at  the  center  of  the  band  to  approximately  2  db  at 
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the  edges  of  the  band.  When  four  of  these  circular-polarization  transducers  were  inserted  into 
the  excitation  network  of  the  West  Ford  diamond  horn,  the  radiation  patterns  proved  to  be  un¬ 
satisfactory.  The  axial  ratio  increased  to  3  db  for  the  on-axis  beam  and  to  greater  than  10 db 
for  the  error  patterns.  These  results  were  improved  somewhat  by  changing  the  length  of  the 
transitions  between  the  four-port  monopulse  exciter  and  the  input  to  the  diamond  horn;  however, 
the  performance  was  still  considered  unsatisfactory.  The  circular-polarization  transducers 
were  removed  from  the  excitation  section  of  the  horn,  and  a  metal-plate  polarizer  was  posi¬ 
tioned  across  its  aperture.  The  measured  performance  has  improved  considerably;  however, 
there  is  still  room  for  improvement  and  not  all  the  necessary  data  have  been  taken.  The  metal 
plates  of  the  circular-polarization  transducer  tend  to  produce  a  field  distribution  over  the  aper¬ 
ture  of  the  horn  which  is  similar  to  that  obtained  with  a  conventional  pyramidal  horn.  The  ex¬ 
cellent  performance  obtained  with  the  linearly  polarized  diamond  horn  justifies  an  investigation 
of  the  possibility  of  using  a  dielectric-plate  polarizer  over  the  aperture  of  the  horn,  or  of  using 
a  circular-polarizing  reflector  over  the  hyperboloid  Cassegrainian  reflector  in  place  of  the 
metal-plate  unit.  The  latter  method  would  guarantee  excellent  results  because  of  the  proven 
performance  of  the  diamond  horn  and  the  simplicity  in  design  of  a  circular-polarizing  hyper¬ 
boloid  reflector.  Present  plans  include  using  the  metal-plate  circular-polarization  transducer 
with  an  interim  feedhorn  and  installing  the  best  of  the  proposed  designs  during  the  next  quarter. 

In  order  to  provide  the  required  isolation  between  the  transmitter  and  the  receiver,  a  new 
type  of  filter  has  been  developed  which  produces  more  than  50  db  isolation  over  a  20-Mcps  stop 
band  and  has  less  than  0. 1  db  insertion  loss  over  the  pass  band.  The  unit  has  been  designed  to 
accommodate  the  present  West  Ford  frequencies  of  8350  and  7750  Mcps.  This  unit,  used  in 
conjunction  with  the  circular-polarization  filters  described  in  the  last  quarterly  progress  re¬ 
port,  is  functioning  satisfactorily  at  one  of  the  West  Ford  sites. 

in.  RADIO  ASTRONOMY  BOX  FOR  HAYSTACK  HILL  ANTENNA 

The  feed  described  in  a  journal  article  in  July  1954,"  and  recently  suggested  by  John  Ruze, 
was  constructed  and  is  presently  being  tested.  Two  feeds  were  constructed,  one  operating  at 
7750  Mcps  for  use  with  a  lb-inch  paraboloid  and  the  other  operating  at  15,375  Mcps  for  use  with 
an  8-inch  paraboloid.  Radiation  patterns  have  been  measured  at  both  frequencies  and  found  sat¬ 
isfactory.  The  objective  of  obtaining  equal  F-  and  11-plane  bcainwidths  within  a  13.4'  included 
angle  has  been  reached,  and  the  near-in  sidelobe  levels  are  approximately -20  db.  Gain  and 
impedance  measurements  have  not  yet  been  made;  however,  it  is  planned  that  these  data  will 
soon  be  taken.  The  radiation  patterns  will  be  integrated  to  determine  the  fraction  of  power  in¬ 
tercepted  by  the  subreflector.  This  factor,  together  with  the  calculated  "illumination"  efficiency 
of  the  secondary  apcrlure,  will  allow  prediction  of  the  antenna  efficiency  and  gain  with  consid¬ 
erable  accuracy. 

IV.  MILLSTONE  HILL  RADAR 

The  radiation  patterns  of  the  12-horn  monopulse  feed  system  have  been  measured  with  unit- 
radiating  linearly  polarized  signals.  The  agreement  between  measured  and  expected  results 

*  A.  t.hluvin.  "A  New  Antenna  Feed  Having  F.qual  F.-  and  ll-l’lane  Pattern*."  Trans.  1RF..  Pt,AP  AP-2.  N«.  .3,  11.1  (1954). 
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has  been  excellent;  however,  the  measured  gain  is  not  the  same  for  both  vertical  and  horizontal 
polarization.  Subsequent  tests  have  shown  that  this  is  due  to  the  mutual  interaction  between  the 
center  four  feedhorns  and  the  outside  horns.  Further  tests  have  shown  that  the  coupled  signals 
are  transmitted  to  the  short-circuited  terminals  of  the  outer  horns;  by  adjusting  the  position  of 
these  short  circuits,  the  antenna  gain  can  be  made  identical  for  both  polarizations.  A  practical 
application  of  this  arrangement  would  require  a  number  of  adjustable  short  circuits  placed  at 
these  terminals  and  positioned  to  produce  the  desired  results.  Unfortunately,  the  optimum  po¬ 
sition  would  vary  as  a  function  of  frequency.  Alternatively,  these  terminals  could  be  terminated 
in  a  matched  load,  thereby  eliminating  the  frequency  sensitiveness  of  this  effect  and  perhaps 
reducing  the  maximum  gain  obtainable  by  ~0.2db.  Because  the  gain  of  the  antenna  system  is  pro¬ 
portional  to  the  gain  of  the  feed  system,  it  is  important  to  attempt  to  increase  the  latter  to  its 
maximum  value.  However,  the  present  system  will  not  be  modified  at  this  time;  rather,  at 
some  time  in  the  future  a  modification  kit  will  be  installed  for  the  purpose  of  achieving  the  de¬ 
sired  results. 

Extensive  radiation  pattern  measurements  and  gain  measurements  were  conducted  with  the 
interim  feedhorn  illuminating  the  84-foot -diameter  paraboloid.  Unfortunately,  the  interim  feed- 
horn  was  not  properly  designed,  and  the  antenna  system  had  a  measured  gain  -2  db  below  an  opti¬ 
mum  value.  After  installing  a  correcting  lens,  the  antenna  efficiency  was  increased  to  40  per¬ 
cent.  This  was  increased  to  '50  percent  by  removing  a  set  of  buttons  that  were  placed  in  the 
throat  of  the  feedhorn  to  increase  the  isolation  between  the  dual-polarization  input  terminals. 

V.  PROJECT  481 

The  four-horn  monopulse-t racking  feed  system  which  will  be  used  to  illuminate  the  30-foot 
paraboloid  is  nearly  completed.  The  variable-polarization  transducers  have  been  completed 
and  are  being  assembled  with  the  feedhorns.  Final  evaluation  of  the  comparator  circuitry  has 
been  completed  and  its  performance  is  satisfactory.  This  feed  system  should  be  ready  for  in¬ 
stallation  in  the  antenna  system  by  mid-April  I9t>3. 
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